seasonal incidencethough we have more recently detected a hint that onset and exacerbations may perhaps be marginally commoner in the spring months. Careful classification by district has failed to substantiate any differential prevalence as between urban and rural areas. Since previous claims for town and country preponderance were about equally balanced this is hardly surprising, though it cannot be taken to exclude the possible operation of a differential of this kind on the larger Continental scale. I have already mentioned that while foci of disease certainly exist in the community, such an event is to be expected in a randomly distributed uncommon disease: they may mean something etiologically but their existence furnishes an insubstantial base for etiological superstructures.
Multiple Sclerosis andParalytic Poliomyelitis
It is more than eighty years ago since Pierre Marie wrote that the only thing that seemed certain about multiple sclerosis was that it had some kind of connexion with infection, and today's investigator may be excused if in his more sombre moments he asks himself whether much advance has yet been made on this shrewd generalization.
The suggested link between experimental 'allergic' encephalitis, para-infectious perivenous demyelinating encephalomyelitis, subacute postrabies inoculation encephalomyelitis and multiple sclerosis remains hypothetical, but it has stimulated useful work in experimental neuropathology even if its direct relation to multiple sclerosis remains in the last resort questionable.
A more recent analogy between multiple sclerosis and paralytic poliomyelitis (Poskanzer et al. 1963b ) is based on epidemiological rather than pathological considerations, but it has already stimulated studies in various parts of the world. The time scale of the diseases could hardly be more different, their age incidences are unlike, and the chronic disease lacks epidemic or seasonal incidence. Nevertheless reflection reveals some intriguing similarities. Until vaccination they had similar annual incidences (2-6 and 2-8 per 100,000 total population respectively) and they are both commoner in cold and temperate climates and in the upper social classes. In each, pregnancy and trauma exert an unfavourable influence. There is no disparity between urban and rural incidence in either case, but in both there is a higher mean age of onset in rural patients. Furthermore they show a remarkably parallel predilection for the inhabitants of industrially developed, highly sanitized and affluent temperate regions, and a striking tendency to spare the population of primitive tropical societies. Might multiple sclerosis be the late result ofenterovirus infection? ,Etiology Present evidence does not permit the formulation of any hypothesis about the causation of multiple sclerosis that can stand up to critical examination. However, in this as in many fields ideas are in shorter supply than observations, and even the most tentative hypothesis may point the way to further studies, to say nothing of its beneficial effect on the morale of the investigator.
If my colleagues and I were asked to produce a working hypothesis on present evidence, it would be bound to lean more heavily on epidemiological than on any other sources. It would suggest, in a nutshell, that the disease originates in infection, usually during childhood or adolescence, by a widely distributed enterovirus or quite possibj by any one of a number of ubiquitous viruses, andfiat in a small proportion of affected subjects such infection leads after an interval of years to the development of the neurological disorderhypothesizing again the role of a constitutional factor. Whether this lengthy pathogenesis involves some inadequacy or deviation in the patient's immune mechanismspossibly with the development of hypersensitivity to the infecting agent or to some product of the activity of the infective agent on the patient's tissuesor whether multiple sclerosis is a more direct manifestation of infection by a 'slow' virus is a question for the future, and undoubtedly for the laboratory. The association between multiple sclerosis (MS) and rural or agricultural pursuits reported by some early epidemiologists has not been supported by later studies. The possibility that the Section ofEpidemiology and Preventive Medicine 941 disease might be infective in nature did, however, receive powerful support from the account by Campbell et al. (1947) that it had occurred in 4 of 7 research workers at Ca.nbridge studying swayback in lambs. An attempt to produce the disease in sheep by the inoculation of blood or spinal fluid specimiiens from cases of MS was made by Sutherland & Wilson (1951) who observed their animals over the space of seventeen months without clear result.
In 1954 the late Dr Bjorn Sigurdsson of Reykjavik delivered three lectures in the University of London in which he introduced the concept of slow or latent virus infection (Sigurdsson 1954) . He outlined wh-at he thought were the special distinguishing features of such infections:
(1) A prolonged initial period of latency to be measured in months or years. (2) A rather protracted and regular course of the disease once signs had begun leading to severe illness or death.
(3) Restriction to a single animal species, to a single organ or system of cells within a tissue.
Although the idea that MS might be a viral infection was an old one, this new concept of a disease with an incubation period which might extend over a quarter or even one-third of an animal's normal life meant that previous attempts to pass the disease should be extended over much longer periods of observation.
When in 1959 a suitable acute case of MS presented itself in Professor Henry Miller's clinic in Newcastle, material from the neighbourhood of an acute plaque was injected into a variety of animals in Newcastle, at the ARC Research Institute, Compton (by I H Pattison) and at Reykjavik by Dr R A Palsson. The results of these experiments have been presented elsewhere (Palsson et al. 1965) . Briefly, whilst no disease was produced in sheep in England, or Northern Ireland (Dick et al. 1965) , in Iceland 4/4 animals went down after some twenty months with a disease which was diagnosed histologically as scrapie. At the same time 0/4 control animals (from the same flock) inoculated with normal human brain suspension remained well. Moreover, when the disease was passaged from the affected sheep into fresh normal animals all these, too, succumbedthis time with an incubation period well under one year. This shortening of incubation period when the species barrier is crossed with scrapie has been emphasized by . A second experiment carried out with a fresh sample of the same MS brain gave a similar result. Later Field (1966) reported the emergence of scrapie in mice inoculated with a brain biopsy specimen from a case of MS after blind passage. Again there was shortened incubation on passage. Since that time one further experiment with material taken at autopsy has also resulted in scrapie after a two-year incubation period.
The acceptance of these positive results as genuine is fraught with difficulties. Rida, the Icelandic form of scrapie, is known to be endemic and an obvious explanation for the Icelandic results would be that latent disease had been activated by the intracerebral inoculation. Howvvever, the source of animals used in south-west Iceland was well known to Dr Palsson who had drawn on it over many years and knew it to be rida free; none of the control animals developed disease; 4 out of 4 experimental animals showed scrapie, a very unlikely result if scrapie agent had been deliberately injected; signs were a little unusual for rida at the first appearance of the disease; the incubation period shortened considerably on passage; and the result was repeatable. No scrapie was present in the Newcastle source of the MS brain when these experiments were set up. However, some cases of scrapie did emerge when Dr Palsson inoculated material from a case of subacute necrotizing encephalitis (Campbell et al. 1963 ) though this case may have fallen within the spectrum of acute multiple sclerosis (Adams & Kubik 1952 , Field 1966 .
As regards the mice experiments the danger of contamination by scrapie agent is a real one. At the beginning of these experiments there was no scrapie in the Unit and this disease is limited to a separate animal house on a different floor. However, the occurrence of scrapie in normal animals housed in the same animal house as scrapie animals for prolonged periods (eighteen months to two years) has been described by Morris et al. (1965) and normal animals in continued close contact with scrapie-infected mice have contracted the diseise (Zlotnik 1968 ). However, no case of unexpected scrapie has occurred in our scrapie animal house amongst normal animals housed there for close on two years; nor has scrapie occurred amongst the offspring of mice affected with the disease, either in one or both parents. Exposure to contagion for three to four weeks neonatally does not, therefore, appear to lead to infection under our experimental conditions. The importance of the experimental conditions is underlined by the occurrence of contact infection from affected goats and sheep to healthy goats at the Moredun Institute but not at the Compton Institute. Whilst it is possible that some intermediate host may operate at the former but not at the latter (Brotherston et al. 1968) , the positive results came from animals with the natural disease and the negative ones with the experimentally induced condition. The suggestion that an intermediate host may be implicated is not new and was made by Sigurdsson (1954) from his observations on the field phenomena of rida in Iceland. If scrapie and multiple sclerosis are in some way related, then an intermediate host may also be of great importance. W J Hadlow in 1959 drew attention to the similarities both pathologically and epidemiologically between scrapie and kurua disease limited to the Fore linguistic group of people in the Eastern Highlands of New Guinea. He also made the seminal suggestion that kuru material should be passaged into a laboratory primate since 'the pathogenetic mechanisms involved in scrapiehowever unusual they may beare unlikely to be unique in the province of animal pathology'. Passage of human kuru into chimpanzees, again with reduction of incubation period at the second passage, has now been achieved by Gajdusek et al. (1967) , though the situation is a little complicated by the demonstration of 47 other viral agents in chimpanzees (Rogers et al. 1967) . Kuru is thus the first slow virus infection of man to be passed into a laboratory animal. If kuru is indeed the expression in the human, in the particular genetic context of the Fore people, of a scrapie mechanism at work (Field 1967) , then it should be possible to establish it in the mouse known to be susceptible (Chandler 1962) . Preliminary experiments suggest that this has now been possible both from a specimen of second passage chimpanzee kuru brain (kindly supplied by Dr D C Gajdusek of the National Institutes of Health, Bethesda) and from formalin-fixed human material obtained through the kind co-operation ofDr J D Mathews in Okapa, New Guinea.
Following three rapid passages in white mice and X-irradiation of the fourth passage animal (1,000 rads over some weeks) scrapie has appeared from both sources (Field 1968) . A control set of animals inoculated with MS brain and subjected to the same X-ray regimen, but without passage, has not shown changes in the nervous system.
It is important to note that the total time between the last passage inoculation and the development of scrapie was five-and-a-half months. This is the normal incubation period of the disease. Where cases of cage-to-cage spread have been reported (Morris et al. 1965) or contact spread claimed to have occurred (Zlotnik 1968) the incubation period has been very much greater fifteen to sixteen months. It is highly improbable therefore that the present results could be explained on the basis of cage contamination. These animals were kept, of course, out of the scrapie animal house. Contamination of glasswear, &c., is always a possibility, though highly unlikely; and to have been of the degree necessary to result in disease within 6 months, extremely improbable.
If this combined regimen of rapid passage com-bined with X-irradiation can indeed potentiate transfer of slow virus then it may be of great help in the investigation of other putative 'slow viral' infections. Further experiments with MS material are already in hand along these lines.
Dr D A J Tyrreli (Common Cold Research Unit, Salisbury), said that we owed a great deal to veterinary virologists, particularly to Sigurdsson, for showing that viruses might cause long-lasting diseases. However, the organisms grouped as 'slow' viruses were very varied and the mechanisms by which they caused disease were little understood but might be varied also. Multiplication-or hyperplasia of cells might be directly due to virus infection, or new antigens might be introduced to cells leading to changed immune responses or autoimmune processes. Technical problems were enormous but, when claiming that a virus such as scrapie had been grown from human material, animals should always be inoculated with control material as well as test specimens and statistically significant differences should be shown between these groups. Finally pathologists should look for models which were close to the supposed pathogenesis of multiple sclerosis. Could the oral administration of scrapie virus or a gastroenteritis virus of animals be shown to be followed by neurological disease?
Professor Field, in reply, said that scrapie material was infective by mouth. Rare reports that scrapie might occur after inoculation of 'normal' material were open to the same possible experimental errors as positive results from multiple sclerosis material. It might well be wrong to think in terms of 'growing a virus' from human material.
